a b s t r a c t Jatropha curcas l. (euphorbiaceae) is an important plant. it has been used as pesticide, and herbal medicine. the oil from J. curcas can serve as biofuel that have high economically value. this plant contain toxic compound such as phorbol ester. reducing of toxic compound from the plant would be useful to give added values of this plant. callus cultures were initiated from J. curcas l. seed using Ms medium, and treated by manganese chloride and n-ethylmaleimid. Phorbol ester content from seeds, callus and treated callus was measured by high performance liquid chromatography (HPlc). content of phorbol ester in seed and callus culture were 7,41 mg/g DW and 2,44 mg/g DW -5,27 mg/g DW, respectively. treatment using manganese chloride (Mncl 2 ) 2 mM and 3 mM showed that the content of phorbol ester in callus culture decreased up to 30,5% and 30,6% respectively, at day 7. While, treatment using n-ethylmaleimid (neM) 0,6; 0,9; and 1,2 mM showed that the content of phorbol ester in callus culture decrease up to 26,6%, 6,25%, and 32,2% respectively, at day 21. Phorbol ester content in callus culture of J. curcas was lower than its original seeds then it can be more reduced using manganese chloride and n-ethylmaleimid. This finding showed that cell cultures technique can be used to reduce the production of toxic compounds in J. curcas
IntRoductIon
Jatropha curcas L. (physic nut) belonging to family Euphorbiaceae is a multipurpose tree. J. curcas can be used to make soap and pesticide. It has been used in traditional medicine for a long time, such as treatment for arthritis, gout, inflammation, dermatomucosal deseases, and toothache. [1] The oil from J. curcas can serve as fuel (biofuel) that have high economically value and alternative energy especially at this time. The levels of essential amino acids except lysine in J. curcas meal protein is higher than those of the FAO reference protein, so that J. urcas meal from nontoxic varieties could be a good source of protein for both livestock and human. [2] The oil also could be potential source for human consumption. [3] Because of its potential, J. curcas is already cultivated in various places and also potentially increase welfare of the society. Aspects that need to be considered in development of this plant is not only the potential use, but also aspects that ensure the safety of the consumption and processing. Because of seeds of J. curcas have toxicity such as irritant, causing vomiting, and diarrhea.
The toxicity of J. curcas seed links to chemical contained in. Beside curcin, phorbol esters is a family compounds known to cause a large number of biological effects such as produced a severely irritant reaction followed by necrosis (from testing on rabbits), can lead to death (from testing on mice), [4] and tumor promotion. [5] Toxicity of J. curcas seeds has been studied extensively in different animal models like sheep, goats, mice, rats, pigs, and fish when fed with phorbol ester-containing feeds. [6, 7, 8] For safety in use, phorbol esters that the main toxic agent in J. curcas seed should be decreased even eliminated. It is not possible to destroy phorbol esters by heat treatment because they are heat stable and can withstand roasting temperature as high as 160°C for 30 min. However, it is possible to reduce its 0.9, and 1.2 mM group. Each group was harvested at day 7 th , 14 th , and 21 st . Callus that has been harvested and weighed were dried with a freeze dryer, measured the water content, weighed dry weight again, and analyzed the content of toxic substances. Effect of treatment was detected by analyzing the growth of callus and the content of toxic substances (phorbol ester).
Extraction of callus cultures
Amount of 0.2 g callus samples were weighed and powdered. Then callus were extracted with 10 mL of dichloromethane for 2 × 24 hours then filtered. Seven mL of filtrate were dried and then dissolved again with 0.5 mL of ethanol.
Quantification of phorbol ester with high performance liquid chromatography (HPLC)
Phorbol ester content was determined by modification of method developed by Makkar et al. (1997) . The HPLC used Hewlett Packard 1100. The analytical column was reverse phase C18 (ODS Hypersil, 5 μm, 200 × 4.6 mm, Hewlett Packard). Two solvents were used: (A) 1.75 mL of o-phosphoric acid (85%) in 1 L of distilled water and (B) acetonitrile. The gradient elution was as follow: 60% A and 40% B at start, decrease A to 50% and increase B to 50% in the next 5 minutes, decrease A to 25% A and increase B to 75% in the next 10 minutes, increase B to 100% in the next 10 minutes, and then the column was adjusted to starting condition (60% A and 40% B) for 5 minutes. Separation was performed at room temperature and flow rate 1 mL/ min. The peak was integrated at 280 nm and the results were expressed as equivalent to phorbol-12-myristate 13-acetate (obtained from Sigma).
ResuLts
From the various medium compositions tested, MS medium containing 2.5 mg/L NAA and 0.5 mg / L BAP as growth hormones resulted in the best growth of callus of Jatropha curcas. This medium was used in all experiments. Initiation of callus generally occurs after 7 day. Callus was easily proliferated. Callus that formed was soft, compact, pale green ( Figure 1 ). At the beginning of culture period, it was necessary to subculture after 2 weeks, otherwise the callus became dark and reduced growth. Based on growth curve during 30 days, callus culture was rapidly growing until day 18, From day 18-22, callus was growing slowly, then reach optimum growth at day 22. There were two type of callus with different color (brown and green callus). Callus cultures treated with 0.6 mM NEM was still growth although the rate was lower than control. Callus culture treated with NEM of 0.9 and 1.2 mM showed a decrease of growth after 14 day ( Figure 2 ). While the growth of callus culture treated with various concentration of MnCl 2 showed better concentration in the meal by chemical treatments. [9] Besides detoxification by physically and chemically, detoxification may be developed with tissue culture method. This research was aimed to reduce the production of phorbol ester in J. curcas cultures. Tissue culture method would reduce the concentration of toxic compounds content by affecting the biosynthesis process of these toxic compounds. The use of substances as inhibitors in tissue culture methods was also expected to further inhibit the biosynthesis of phorbol esters.
MateRIaLs and Methods

Plant material sterilization
Seeds of J. curcas were collected from Subang and Ciamis, West Java, Indonesia. Testa were removed from the seed. The seeds were washed with running tap water for 15 min. In LAF (Laminar Air Flow) cabinet, the seeds were then surface sterilized in commercial detergent (15% Bayclin) with 0.02% tween 20 for 15 min., followed by three rinses in sterile distilled water. Then seeds were cut into two part. Part of seeds were then surface sterilized in commercial detergent (10% Bayclin) with 0.02% tween 20 for 10 min., followed by three rinses in sterile distilled water.
Initiation of callus and maintenance
In the LAF cabinet, seed explants were cultured in MS medium supplemented with NAA (naphtalene acetic acid) 2.5 mg/ L and BAP (benzyl amino purine) 0.5 mg/ L. The media were congealed with agar (0.7%), and sucrose (2%) was used as a source of carbohydrate. All experiments were carried out in culture tubes containing 20 mL of culture medium. The pH of all media was adjusted to 5.7 ± 0.1 prior to autoclaving at 121°C for 20 min. Cultures were incubated at 25 ± 2°C. The callus was then maintained under the same condition as above with subcultures at 2 weeks interval in fresh medium. Callus that has been growing stable (approximately 5 times of subculture) were determined the rate of growth by weighing the mass of three callus from different culture tubes every 2 days for 30 days. Callus growth curve was stated by mass average of the three callus cultures and day of measurement.
Treatment of callus cultures
Optimal growth callus have been used for treatment using manganese chloride (MnCl 2 ) and n-ethylmaleimid (NEM). Treatments were started when the callus cultures had entered stationary phase. In treatment, callus was transferred to MS medium contained MnCl 2 or NEM in varying concentration. For each substance there were four treatment groups. Each group had three replicates. MnCl 2 treatment consisted of control, MnCl 2 1, 2, and 3 mM group. N-etilmaleimid treatment consisted of control, NEM 0.6, ester. From the curve were observed, the content of phorbol ester in seed origin from Subang (used as explants) and Ciamis showed little difference in levels.
Phorbol ester content in control callus culture decreased slightly at 7 th day, while at 14 th day phorbol ester content decreased sharply (Table. 1 ). Phorbol ester content from callus treated with 1 mM MnCl 2 did not differ significantly to callus control at day 7, 14 and 21. Callus culture treated with 2 mM of MnCl 2 reduced the levels of phorbol ester 30 and 10%, at day 7 and 14 compared to the control (4.83 and 2.26 mg/g DW) respectively, while at day 14 no significant reduction reached. Callus culture treated with 3 mM of MnCl 2 reduced the level of phorbol ester only at day 7 (30%), while at day 14 and 21 did not reduce phorbol ester content. Callus culture treated with 3 mM MnCl 2 were still growing well, indicated that MnCl 2 was not toxic to the callus culture up to the concentration used. Phorbol growing compared to control. Slope of the treated callus culture is greater than the control. It can be indicated that MnCl 2 addition in the media increased the growth of callus cultures, at a concentration of 1 mM, 2 mM or 3 mM (Figure 3 ). We found qualitatively and quantitatively different chemical content profiles comparing seed from different collection, callus culture control, callus treated with NEM and callus treated with MnCl 2 . Analysis with HPLC showed that phorbol esters were detected in the retention time range 21.2-21.8 min. Phorbol ester content in callus culture (2.4-5.3 mg/g DW) was lower than the original seed (7.4-7.7 mg/g DW) (Figure 4 ). These result showed that tissue culture methods could significantly decrease phorbol ester content. Differences content of phorbol ester between green and brown callus were probably due to the presence of other compounds that affect to the production of phorbol Feeding experiment with NEM slightly inhibited growth of callus callus culture at the higher concentration, therefore we assume that administration of 0.9 and 1.2 mM NEM is toxic to callus culture. The callus culture also became dark. While feeding experiment with MnCl 2 enhanced the growth of callus culture. Pale green callus was used for treatment in media containing excess MnCl 2 . Actually MnCl 2 was contained on MS media, since this substance is a micronutrient needed for plant growth. Treatment of callus cultures with MnCl 2 reduced phorbol ester content up to 32%. We assume that MnCl 2 inhibited the biosynthesis of phorbol ester which is synthesized via IPP and DMAPP pathway. This is supported by several previous report from various publications. Mn 2+ is a cofactor that catalyzes isomerization reaction between IPP and DMAPP. [10] In vitro studies that tested the Mn 2+ with IPPs that were extracted from the seeds of Ricinus communis, tomatoes ester content in control and treatment treated with NEM callus culture was linear from day 0 to day 14, further increased sharply after the 14 th day. Observing the curve from day 14 until day 21 showed that the addition of NEM can reduce levels of phorbol ester. Content of phorbol ester in callus culture treated with 1.2 mM NEM was reduced up to 32%.
dIscussIon
Tissue culture is one tool that can be used to modify the content of compounds in the original plant. In this experiment, seed was selected for explant. The best seeds for explants are quite young, which seed coat characteristics (testa) is black and still covered white pericarp. Seeds that are too young or too old are generally not will grow. Based on mass measurements of callus during 30 days (Figure 1) , it is known that callus cultures grew rapidly from day 0 to day 18, then the growth slowed until day 22 and peak growth occurred at 22 th day. After day 22, the Figure 4 : Phorbol ester content of 1) seed sample collected from Subang, 2) seed sample collected from Ciamis, 3) Green callus culture and 4) Brownish callus culture of Jatropha curcas plastid, pork liver, and microbes, Mn 2+ active as a cofactor at a concentration about 0.5 mM. Meanwhile, at a concentration of more than 1 mM Mn 2+ are strongly inhibitors. [11] Another study mentioned that a high concentration of Mn 2+ disrupt the bond between the substrate with the enzyme. [12] The treatment was also carried out with n-etilmaeimid (NEM) on brownish callus. NEM is a compound that is able to bind to enzymes which have sulfhydryl groups such as cystein amino acid. That binding can inactivate enzymes. Based on the literature, NEM can inhibite IPP isomerase enzyme, geranil transferase, and farnesil transferase activity. [10, 11] Since both compounds were found to have influence in the biosynthesis secondary metabolites through IPP and DMAPP pathway, they were chosen as inhibitor of phorbol esters. These toxic compounds belonging to diterpen were synthesized via IPP and DMAPP pathway. Therefore, feeding both compounds to callus culture was expected to reduce the production of phorbol esters.
Different content of phorbol ester in J. curcas seed collected from differences place (Subang and Ciamis, West Java, Indinesia) suggested that the phorbol ester content could be influenced by ecological factors such as temperatures, moisture and seasons. Different content of phorbol ester were also found between seed and callus culture. This may be caused the different profile of biosynthesis condition between seed and callus culture. These results supported our previous research on the production of secondary metabolites which were different to the original plants. [13] Differences pattern phorbol ester content in control treated with NEM and MnCl 2 can be caused due to different callus culture as a source, callus culture on MnCl 2 treatment used pale green callus culture, while in the NEM treatment used brownish callus culture.
Inhibition of phorbol ester production by MnCl 2 was found at day 7 with concentration 2 and 3 mM. The inhibition was not time-dependent which can be clearly explained its reason. It may be due to the activity of enzyme involved in the phorbol ester biosyhntesis. This fact was also shown by inhibition of phorbol ester production by NEM which was optimal at day 21 with concentration of NEM 1.2 mM. In future this result can be used as a basis to generate the new strain of J. curcas which contain low level of toxic compounds.
concLusIon
Phorbol ester content in callus culture of J. curcas was lower than its original seeds than it can be more reduced using manganese chloride and n-ethylmaleimid as inhibitors of
